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Abstract: This study focused on the development of a yogurt with an improved structure, texture and

antioxidant activity level, by using apple pomace (AP) powder that was obtained in large quantities

during the production of juices. The objective was to determine the sensory, physicochemical, textural

and antioxidant characteristics of yogurt with the addition of AP powder (0.2–1.0%), during its shelf

life. The physicochemical composition of AP was determined as follows: dietary fibers—62.73%,

including pectin—23.12%; and the content of the antioxidant compounds in AP—total polyphenols

(728.8 mg GAE/100 g DW), flavonoids (246.5 mg QE/100 g DW), tannins (63.54 mg TAE/100 g DW),

carotenoids (4.93 mg/100 g DW) and the ability to inhibit the free radical (2433 µmol TE/100 g DW).

AP addition reduces the yogurt fermentation time. The increase in the total dietary fiber content of

up to 0.63% and in the insoluble fiber of up to 0.14% was attested in this study, as well as a significant

increase in antioxidant activity, which correlated to the AP content. The addition of AP improved

the textural properties of the yogurt during storage (20 days) and led to a significant reduction in

syneresis. The influence of the AP content and the storage period on the textural characteristics and

the overall acceptability of the yogurt samples were analyzed by the mutual information method.

The AP content greatly influenced the yogurt’s quality, with the information analysis value for the

overall acceptability being 0.965 bits. The analysis of the sensory and textural parameters of the

yogurt during storage (1–20 days) demonstrated that samples with AP in proportions of 0.6–0.8%

were evaluated with the highest score.

Keywords: apple pomace powder; dietary fiber; yogurt; textural parameters; antioxidant activity;

and quality

1. Introduction

Food industries produce millions of tons of waste during processing, which becomes
a significant environmental, economic and nutritional problem. Agricultural waste could
serve as an important source of bioactive compounds, including antioxidants, dietary fibers,
polysaccharides, vitamins, carotenoids, pigments and oils [1]. These compounds are of
increasing scientific interest due to the benefits they bring to human life [2].

Among fruit wastes, apple pomace (AP) is a potential source of phytochemicals
and contains significant amounts of carbohydrates, as well as small amounts of proteins,
vitamins and minerals [3]. It has been estimated that the production of apple juice results in
a product that is low in polyphenolic compounds and that has only 3–10% of the antioxidant
activity of the fruit from which it is produced. Most of the polyphenol compounds remain
in apple pomace—a heterogeneous mixture of peel, core, seed, stem and soft tissue [4].
Currently, there are few uses of AP, with most of it being used on farms as animal feed
or transported to landfills and incinerators. Sad to say, this has a negative effect on the
environment, contributing to the greenhouse effect [5].

AP contains insoluble sugars, including cellulose (127.9 g/kg dried weight (DW));
hemicellulose (7.2–43.6 g/kg DW); lignin (15.3–23.5 g/kg DW); and simple sugars, such as
glucose, fructose and galactose [5,6]. In addition, AP is an important source of substances
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with high antioxidant activity, in particular, quercetin glycosides, phloridzin, phloretin,
epicatechin, chlorogenic acid and other polyphenolic constituents [7–10]. Therefore, AP
can be used in various food systems after minimal processing or in the form of extracts,
significantly increasing the functional value of food and contributing to a reduction in food
waste [6].

Yogurt plays an essential role in most dietary recommendations, providing nutrients
and bioactive compounds that are essential for health, such as the following: vitamins and
minerals in an easily assimilable form; lactose; bioactive proteins; lipids; and live lactic
bacteria, which is beneficial to the gastrointestinal tract [11]. To meet consumer needs, new
assortments of yogurt-based products are being investigated, leading to a steady increase
in the sales and popularity of this dairy product [12].

Yogurt is a product that is characterized by an unstable structure, which is vulnerable
to deformation by shearing, with only a slight recovery at rest or under the action of a low
shearing speed [13]. The microstructure of milk protein gels and their rheological properties
affect the texture, sensory properties and storage stability of yogurt [14]. The main factors
that affect the structure and texture of yogurt are as follows: the protein and fat content,
the technological process, and the amount and properties of the added ingredients [14–17].

The structure and texture of yogurt is controlled, most often, by the addition of
stabilizers. The most common food stabilizers and thickeners are various polysaccha-
rides, such as modified starch, xanthan, carrageenan, methyl and hydroxypropylmethyl
cellulose, etc. [18]. These polysaccharides interact with the casein network and contribute
to the formation of gels in biphasic systems (liquid–solid): a three-dimensional, continu-
ous structure that forms the gel matrix, which holds a finely dispersed liquid phase [19].
Although these food additives are considered safe by regulatory agencies, they are per-
ceived as harmful by consumers due to their unfamiliarity and the risk perception of
chemicals [20].

Therefore, the objective of this study was to determine the sensory, physicochemical,
textural and antioxidant characteristics of yogurt with the addition of AP powder, during
its shelf life. This study focused on the development of a yogurt with an improved structure
and texture, and improved antioxidant activity by using AP powder.
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14. Najgebauer-Lejko, D.; Witek, M.; Żmudziński, D.; Ptaszek, A. Changes in the Viscosity, Textural Properties, and Water Status in

Yogurt Gel upon Supplementation with Green and Pu-Erh Teas. J. Dairy Sci. 2020, 103, 11039–11049. [CrossRef] [PubMed]
15. Miocinovic, J.; Tomic, N.; Dojnov, B.; Tomasevic, I.; Stojanovic, S.; Djekic, I.; Vujcic, Z. Application of New Insoluble Dietary Fibres

from Triticale as Supplement in Yoghurt—Effects on Physico-Chemical, Rheological and Quality Properties: Triticale Fibre as a
Supplement in Yoghurt. J. Sci. Food Agric. 2018, 98, 1291–1299. [CrossRef]

16. Sendra, E.; Kuri, V.; Fernández-López, J.; Sayas-Barberá, E.; Navarro, C.; Pérez-Alvarez, J.A. Viscoelastic Properties of Orange
Fiber Enriched Yogurt as a Function of Fiber Dose, Size and Thermal Treatment. LWT-Food Sci. Technol. 2010, 43, 708–714.
[CrossRef]

17. Dalgleish, D.G.; Corredig, M. The Structure of the Casein Micelle of Milk and Its Changes during Processing. Annu. Rev. Food Sci.

Technol. 2012, 3, 449–467. [CrossRef]
18. Saha, D.; Bhattacharya, S. Hydrocolloids as Thickening and Gelling Agents in Food: A Critical Review. J. Food Sci. Technol. 2010,

47, 587–597. [CrossRef]
19. Li, Y.; Wang, X.; Meng, Y.; Zhang, F.; Shao, Z.; Hu, L. Effect of the Modified High Methoxyl Pectin on the Stability of the Fermented

Milk Beverage. Int. J. Food Prop. 2018, 21, 2075–2086. [CrossRef]
20. Maruyama, S.; Lim, J.; Streletskaya, N.A. Clean Label Trade-Offs: A Case Study of Plain Yogurt. Front. Nutr. 2021, 8, 704473.

[CrossRef] [PubMed]
21. ISO 750:1998; Fruit and Vegetable Products—Determination of Titratable Acidity. International Organization for Standardization:

Geneva, Switzerland, 1998.
22. Nollet, L.M.L. Handbook of Food Analysis, 2nd ed.; Rev. and Expanded. M. Dekker: New York, NY, USA, 2004; p. 912.

ISBN 978-0-8247-5036-7.
23. ISO 659:2009; Oilseeds—Determination of Oil Content (Reference Method). International Organization for Standardization:

Geneva, Switzerland, 2009.
24. ISO 20483:2013; Cereals and Pulses—Determination of the Nitrogen Content and Calculation of the Crude Protein Content—

Kjeldahl Method. International Organization for Standardization: Geneva, Switzerland, 2013.
25. AOAC 985.29; Total Dietary Fibre in Foods. Enzymatic-Gravimetric Method. Official Methods of Analysis, 14th ed. Association of

Official Analytical Chemists: Washington, DC, USA, 1985.
26. AOAC 991.42; Insoluble Dietary Fibre in Foods and Food Products. Enzymatic-Gravimetric Method. Official Methods of Analysis,

14th ed. Association of Official Analytical Chemists: Washington, DC, USA, 1985.
27. Marcon, M.V.; Vriesmann, L.C.; Wosiacki, G.; Beleski-Carneiro, E.; Petkowicz, C.L. Pectin from Apple Pomace. Polímeros Ciênc.

E Tecnol. 2005, 15, 127–129. [CrossRef]

http://doi.org/10.3390/foods9060817
http://www.ncbi.nlm.nih.gov/pubmed/32575854
http://doi.org/10.1016/j.jclepro.2018.03.165
http://doi.org/10.1080/07388550802368895
http://doi.org/10.1016/j.supflu.2007.04.012
http://doi.org/10.1016/j.jclepro.2018.05.109
http://doi.org/10.3390/pr8030319
http://doi.org/10.1016/j.rser.2013.06.046
http://doi.org/10.1016/S0308-8146(99)00167-3
http://doi.org/10.1002/1615-9314(20020401)25:5/6&lt;361::AID-JSSC361&gt;3.0.CO;2-D
http://doi.org/10.1093/nutrit/nuy059
http://doi.org/10.1016/j.lwt.2019.03.058
http://doi.org/10.1016/j.tifs.2013.06.007
http://doi.org/10.3168/jds.2020-19032
http://www.ncbi.nlm.nih.gov/pubmed/33222847
http://doi.org/10.1002/jsfa.8592
http://doi.org/10.1016/j.lwt.2009.12.005
http://doi.org/10.1146/annurev-food-022811-101214
http://doi.org/10.1007/s13197-010-0162-6
http://doi.org/10.1080/10942912.2018.1485029
http://doi.org/10.3389/fnut.2021.704473
http://www.ncbi.nlm.nih.gov/pubmed/34395498
http://doi.org/10.1590/S0104-14282005000200012


Foods 2022, 11, 3565 16 of 17

28. Bouyahya, A.; Dakka, N.; Talbaoui, A.; Moussaoui, N.E.; Abrini, J.; Bakri, Y. Phenolic Contents and Antiradical Capacity of
Vegetable Oil from Pistacia Lentiscus (L). J. Mater. Environ. Sci. 2018, 9, 1518–1524.

29. Waterman, P.G.; Mole, S. Analysis of Phenolic Plant Metabolites; Blackwell Scientific Publication: Oxford, UK, 1994; p. 248.
30. Ghendov-Mosanu, A.; Cristea, E.; Patras, A.; Sturza, R.; Niculaua, M. Rose Hips, a Valuable Source of Antioxidants to Improve

Gingerbread Characteristics. Molecules 2020, 25, 5659. [CrossRef] [PubMed]
31. Britton, G.; Liaaen, S.; Pfander, H.P. Carotenoids, Vol. 1A: Isolation and Analysis; Birkhauser Verlag: Basel, Switzerland, 1995;

pp. 104–107.
32. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a Free Radical Method to Evaluate Antioxidant Activity. LWT-Food Sci.

Technol. 1995, 28, 25–30. [CrossRef]
33. ISO 1211:2010|IDF 1:2010; Milk—Determination of Fat Content—Gravimetric Method (Reference Method). International

Organization for Standardization: Geneva, Switzerland, 2010.
34. ISO 6731:2010|IDF 21:2010; Milk, Cream and Evaporated Milk—Determination of Total Solids Content (Reference Method).

International Organization for Standardization: Geneva, Switzerland, 2010.
35. Yilmaz-Ersan, L.; Topcuoglu, E. Evaluation of Instrumental and Sensory Measurements Using Multivariate Analysis in Probiotic

Yogurt Enriched with Almond Milk. J. Food Sci. Technol. 2022, 59, 133–143. [CrossRef]
36. Abd El-Fat, F.; Hassan Sal, H.; Mosbah El, S.; Samir El-S, H.; Abdel-Hady, H. Utilization of Natural Antimicrobial and Antioxidant

of Moringa Oleifera Leaves Extract in Manufacture of Cream Cheese. J. Biol. Sci. 2018, 18, 92–106. [CrossRef]
37. ISO 22935-3:2009|IDF 99-3:2009; Milk and Milk Products—Sensory Analysis—Part 3: Guidance on a Method for Evaluation

of Compliance with Product Specifications for Sensory Properties by Scoring. International Organization for Standardization:
Geneva, Switzerland, 2009.

38. ISO 8586:2012; Sensory Analysis—General Guidelines for the Selection, Training and Monitoring of Selected Assessors and Expert
Sensory Assessors. International Organization for Standardization: Geneva, Switzerland, 2012.

39. Decision of the Government of the Republic of Moldova No. 158 of 07.03.2019 Regarding the Approval of the Quality Requirements
for Milk and Dairy Products. 2019. Available online: https://www.legis.md/cautare/getResults?doc_id=113282&lang=ro
(accessed on 21 August 2022).
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